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TITUk

Motallurgica~l Uxamintion qf 2r/d,, a 3W Rolled.

To detersine tbo moetallargic! prop,'t-,eti of rolled %omogeneoue armor
plates of arlana hao dnfseg iai thaknsxeiý Wh"'ch were employed in the
invtotigation of the performan et of ar•or af.4&iat 51 mm and 90 mm armor-
piercing projectiles.

A metallurgical exa*%naaion incltuxiing •,-,.eii hardness surveys, frac-
ture tests for fibre) and soundness, and V-nutch Oharpy impact tests were made
on 20, 2-1/29, and 3 " thick rolled homogenioua &,ror. The plates were heat
treated at Watertown Arsenal to hardnesse* in the range of 280-400 Brinell
&xnd were balliatically tested at Aberdeen Proring GrouWnd in order to determine
the effuct of thickness, hard-nesa, and obliquity on the ballistic efficiency
of rolled homogeneous arrmor against attack by 5r mm and 90 mm armor-piercing
projectiles.

Groes-sectional Jkrinell hardness teats havo been made on each plate and
averaged for use in correlatJng the results of ballistic toets with hardness.
At the same time, the soandnees and toughness of the plates have been oval-
uated and found to possess adequate metallurgical propertiee conenrnrate with
their hardnesses,.

001N0 SOIb0

1L The results of surface hardness determination, made at Aberdeen
ProvIng Ground and crocea-sectional hardness surveys made at Watertcwn Arsenal
are limted in Table IV. The great majority of the plates were he&t treated
to within 20 points Brinell of the desired hardness...



2. Steel soundnese fracture tests showed that all plate#, with but
one exception, are of acceptable soundness according to the requirements
of U. S. Army specificatioz 1o. 57-115-11, Amendment 2. Plate No. 3-6,
having a D-2 steel soundness rating, is 'horderline rojectable according
to the above specification.

3. Iotched-bar impact tests conducted on a sele,.ted number of plates
indicated that the armor responded properly to heat treatment. All plates
ted.*& met the notched-bar impact reqmirements of U.S. Army Specification
No. 57-115-11, Amendment 2.

Ph.ys Science Aide
APPROY ND

J. L. MARTIN
Director of Laboratory
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IM'RODWCTI ON

A metallurgical aamination has been conduoted on 2", 2-1/2,0 and 3%
thick aiior p~lates which had been heat treated at the Watertown Arsenal
and ballistically tofted ^t Aberdeen Proving Groiund under 0.0. Utb-Project
,34-15OM "Comparative Avai•uation of Armor for Protection Against 57 ma
and, 90 w Armor-Piercing Ammunvtion,,"

At the request of this Arsenall,, Aerdeen Proving Ground provided
80 x 120" sections cut from a corner of each pl.lt e after the comrplation of
the ballistic testing. The post-ballistic exaninatioA of the plates was
initiatoed to evaluate the metall-rgical properties of tbo vabiect arior
In order to establish accurate data for the correlation of their netal-
lurgical and ballistic properties. When all of the phaues have been com-
pleted a final report will be written covering both the metalllurgical and
balliatic results,

A wwwary of the ballistic results obtained from the testing of the
subject plates is listed In Table Il to acquaint the reader with the bal-
listic properties of the armor. Th•is wumary was taken from Aberdeen
Proving Growand. Report No. AD-,lll5 NReport on Test to Asset% the Perform-
ance of Various Types of Armor Aqainst 57 mm and 90 mm Armor-Piercing
Aximinition to Provide Armored Vehtcle Design Data."

4ATJRIUIS AND TBST PROCdUMRE

The plates used in this investigation were of the following coupo-

Thicknets of Plate Chemi cal Analysia

1 i Or Mo

2-1/2" .29 l..4 .05 .51
3'e i lJ9 .2 75 ol

The identification and sizes of the ballistic test plates are as

f ollows ý

?late Jo Thickness &SOt

2-1 to 2-10 26 510 x 52'
25-I to i52-112' x" x 52F

3-1 to 3-27 ama.
3-43' 540" x

L o*tter file M 400..12/*9E.9, dat.4 12 Janary 1949, Appendix A.
SData take& from APG report lo. ALDo15,
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Prior to heat treating the ballistic test plates, a series of pro.-

ticinary heat treatments had been conducted on relatively 2mall coupons
(3 to 4 sq. ft. in area) cut from some of the excess 2", 2-1/21, and 3Y
thick plates. After the prper heat-treating cycles had been satisfac-
torily determined so that it was possible to obtain desired hardnesses
in the range of 280-400 Brinell, the ballistic test plates were heat
treated and shipped to Aberdeen 'rovlng Ground, Details of the heat-
treating cycles are given in Table 1.

After the ballistic testing was completed, 9N x 12" sections were
flame•.cut from the corners of the plates and were shipped to Watertown
Arsenal for eetallurgical examination.

The metallurgical examination of these plates consisted of the fol-
lowing testg•

a. Cross-sectional Brinell hardness surveys on all plates.
b. Steel soundnese and fibre fracture tests on all plates.
c. Y-notch Charpy impact tests at -o40 e 1o on selected platen.

DATA AND DISCUSSION

Fracture Tests

The 90 x 12P namples received from Aberdeen Proving Ground were
notched by flame-cutting in from the middle of the two long sides leaving
a, croýs- section a•pproximately T xT* in area to be fracturead. The 2"
thick scaples were fractured by impact under a forge hameir while the
2.-1/2 and 3" thick samples were broken by a falliJng weight mechanism.
The fractured surfaces of all samples were rated both for fibre and steel
sountdAtess; the steel soludno9s, ratinge being made only in those cases
where the fractures wer 3 completely fibrous. I T is not possible to
obtain an acc.rate steel soundness rating on completely or partially
brittle (cryetaeline) fractures because the laminattons le not open up
when the fracture proceeds with low energy absorption as is the came in
brittle fracture,

The results of the fibre and steel counmdess ratings ere given in
Table 11r. As shown. by the remilts of the fracture test for steel uound-
nones the steels seed for the a-bject plates are of acceptable soundness
under the requirsumnts of U. 8. Amy Specifi•.-tIon Nc. 57-11F-II, Amondl-
ment 2, with the exception of Plate No. 3-6. The V-D2 steel •eo•dness
rating of this plate Is considorea kiy,.1 rline rejectnble,

The 29 thick plates showect essentially fibrous fractures up to hard-
neumes of approximately 310 Brinell whil, at. higher bardnesses the frac-
..ures of tbe a* th: .ck plates showed increasing amounts of crystallinity,

.. . . .. .



The 2-1120 and. 30 thick plate& showed essentially fibrous fractnres up to
hardness.. of rtpproximatelY 360 Brinell. The 'plates having hax#.ioeses in
the range Of 360-40C. B~rinell ha~ve more or lose completely crystalline
fractures (low tou~aness) which is to be oxpected at this high bhardnoas
range.

Brinell Hardness Su.rvoya

A. alice wat cut from each fracture sepcimen,, Three Brinell lirpres-
*ions were taken on a cross weetion of the 2-inAch seI~Plo and. five '6rinelIL
Impressions were takWen on a croat-jaection of the 2-1129 andI _1* thick
sam~ples. The results of the hardness survey are given in Table IV. The
hardness.. at the center of the spamples are, In general, somewhat lower
than the surface hardnesson; the greatest variation occurrinig in platen
2-6, 2-9. 2-9, 2,5-5 an&. 25-6 which ezhibit a difference of about 30 to 40
points Brinell, The difference between the aIm hard***% am&. the actual
hardniess of individual plates is snfficient to require Individn&l plate
hArdness In correlating hardness and. ballistic results, In most cases,
however, iýAa averag~ o h~t~~.ardvt.iir ,'f tho plates were within
20 poirtm BrInol.1 of the als hardneze4mes.,

Tbo surface hardness of the plates had been, moasured. at Aberdeen
Proving Ground, by mensan of a portable brinell tenter, reference APG Report
AZ-.115, ArpeoUix B. The portable Brinell test~er does not, however, yield
results as reliable as those obtained t;, the staud&-~d Brinell machine. in
addition to which surface hardness readings may often 'be in error oie to
surface &ooar'burization, Bince the ballistic perforwAnce of oxwor Is in-
fluenced, by hardness, and. since. projectiles, in penetratirt armor, pasts
completely through the thickness of the plate, it is belimved that the
average cross-sectional hftrdness of the *arcy should. be employed whom at--
tempting to oorrelate the ballistic and. mechanical properties of armor.
Table IV presents data covering the surface ha~rdness test* cofld3cts.d at
Aberdeen Proving Ground, and. the cross-sectional hardness tests conducted
at the Watertown Arsenal. It to recommended. that the latter hardness
Values be used. In assessing the ballist-'c performance of rolled homo.-
genekous armor as a function of hardness.

Y-Notch C aIpTSwct tests

Notched~-bar impact tests were conftectod on eamples cut from the
center of the croess section of selected plates of variouts týilcknesses and
hardnesses,. The tests were condneted. at -400 1V in accordance with the
Impact test requirements of UI. e,, Amy We-1~tio o 57-115-1.1.
Amendiment 2_, and. the results are prewtntod In Table VI. Table VI aIso
Includes. the results of Rockwell C hardanes tests conducted en the Charpy
impact test specimmen,, tht. cortveraion of the Ic hardAissses to Brinell, the
pertinent impact ekergy requirements of the aibove specificntien, and the
roatingm of the fracturce of the impact teut specimens,
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The results of tLe Y-notch Charpy Impaot tests indicate an accept-
able response to heat treatment in these plates. Rated in accordance
with Table IV of U. S. Aray Specification No. 57-115-11, Amendment 2,
for rolls& homogmeous steel armor plate, all of the samples exceeded
the minimm specifloatiom requirements. The low impact values obtainad
on the samples in the hardness range of 360-400 Brinell are consistent
with the results of the fibre fraoture test in vhich the materials
fracturol in a brittle manner, However, it should be noted that the
energy values for these high hardness plates exceeded the specification
values required for lighter Mage plate of these hardnesees,

GIVIRAL CONSID3RATIONS

The subject armor was found to be of acceptable metallurgical
quality except for one plate of borderline rejectable steel soundness.
If this one plate did not back-spall because of poor soundness during
ballistic testing, it Way be concluded that the ballistic properties
of all the subject armor plates accurately reflect the ballistic per-
formance of good qua]Lty armor of the various thicknesses and hardnesses
employe4 for the investigation being undertaken under 0.0. Sub-Project



TABLI I

Heat Treatment 3f 2"_.2-lj2", and 30 Armor

Aim
Plate Harduess Austenitizuig Cool- Temperin cool-
No. BUN Temp.01, Time (hre.. ant Tem 1 ,,Q. Time (hra.) ant

2-1
2-2
2-3 320 1650 2 H20 1100 2 H 2 0
2-4t
2-5

2-6
2-7
2-8 360 1650 2 H20 1000 2 H20
2-9

2-l25-1

25-3 320 1650 2 H 0 1100 2-1/2 H 0O

25-5

25-6
25-7
25-9 360 1650 2 HO 1000 2-1/i4

2592 2

25-10

25-1l
25-12 320 1650 2 H0 1100 2-1/2 H2
25-13

25-14+
251 360 i65o 2H20 10.00 2-1/4~ H, G

25-2

All pletes charged into hot furnacee except as noted
by '" and held in furnace* for total time iadlcated.

C@



TABLA I (cont,)

Heat Treatment of 2". 2-1/20. and 34Armor

Aim
Plate Uardness Austenitzing Cool- Texpee•r Cool-

0 HN Tp 2ý.F n~ ansj t TeE T1je hbrs ant

3-1
3-2
3-3
3-4+ 290 1650 2 H20 1125 4** H20

3-5
3-6

3-9

3-10
3-11 320 1650 2 E20 1100 2-1/2 H20
3-12
3-13
3-14

3-15
3-16
3-17 360 1650 2 H20 1000 2-1/2 HO0
3-12
3-19

3-20
3-21
3-22 o00 1650 R 2 0 goo 2-i/2 Ro
3-23
3-24

3-25 20 1650 2 R 20 1125 *- H1o0

3-26 320 165o 2 11,0 1100 2--112 11,0

3-27 360 1650 2 H2 0 1.000 -1/? HýO

3-34 400 -L65o 2 H20 900 2-1/2 H1,o

"Plates charged into cold furnace, time represents total time
plate wan at tempering heat, PlatnQ requaird approxilmately
2 hr., to reach tempering temperaturoe



TA A I Ii

llo sti t ,,esults of". -•• i/i,. d 3" Armor

~Aminat 57 on and. 90 =ProJectiles

Low B.L,**
Plate Thickness Obliquity Brinell Army Projectile
No Inches De _eeu Hardness* ftsIc___ Oondi tion**

LetsA_#_an__t _ K56 Projectiles

2-2 2o01 50 295 2526 x
2-4 2.03 50 315 2606 1
2-5 2.01 50 277 2450 1
2-6 2.02 50 329 2483 1
2-9 2.01 50 331 247 3 1

25-3 2149 50 321 2696 HP I

25--3 2.49 45 321 2695HA
25- 2-.54 45 331 2692 HP S

25-I 2. J4 40 327 2558 1
25-2 2.49 40 321 2590 1
25-6 2.54 40 331 2565 S
25-9 2.53 40 341 2580
25-13 2.53 40 309 24z6
25-111 2.52 40 331 25;,A

3-7 3.02 40 300 2735 EP I
3-19 3.03 40 363 2779 HP 3

40 391 2718 3

* Ave-age urosu sttion hardness obtained at Watertown
Arseri'l as r~esut of subject investigation.

"- Low Ballistic Limit Is the mean between the lowest complete
penetration and the highest partial penetration below this

complete. Threo partial penetrations within 50 ft/aec below
the low complete penesTrtion were obtainet to cunfirm this
value.

-~I - Intact
I S•Shattered,

HP Hi&h Partial Penetratior, ballistic limit above iwstle

velocity of gun-

iI



TA,,LX 1I (cont.)

.%%,Iistic Rewal•!tu of 2N, 2-1/L."" a~nd 314 Armor

Low BoL.*
plate Thickness Obliquxlty Brinl i Army Pro I &1 ti I e
No. In Cho 0 _.R2&r ee HAvrdneamm a~e C On I t i

3-63 .02 ,5 268 2679
S. oa 35 3o00 2702 1

43,. 35 .9 '779 Hy" S

3-11 12 97 35304, 26 as I
3-b16 3, o 35 363 t,2 2P s
3-19 3 -C' 35 36,3 .18 x 9
3- 2ý1 3. 02 35 39,1 2592 'Is
"A.. .3. 35 0916 .)34 S
3-26 3, 0 '1 315 31.1 2'"
3-27 3. ,2 35 363 2"T 3 7 S

4 00 10 a239 '9

3,,02 3Ak) I .,
3- 8 3".0,4 30 319 2526 1
"",-12. 30 304 '•'4
5--],5 3,,00 30 363 ,609 IS
3-1.6 3.01 30 163 2697 S

-' 3(03 399 Z515 s
3- 3.01 o.6

27 .02 50 3 2 s

2 50 2357
32.02 30 a417T

Z-72-01 3'' 232-8
2-"9 2.02 50 ' 259
2-10 2.0 50 2-322 a

25-1 2.49 50 3y "a$ z2 S
2-, 4 2.50 50 ,P.7 231
25-7 2.50 o0 363 53
25-9 2 52 50 361 595 a

25-4 2.50 30 31t 2239 S
25--5 2.53 40 312 2?54S
25-? 2.50 40 363 226b s
25--lO 2.52 40 339 2??7 s

A,,\



Balatic Results, of 20., 2-L/20,_&I '..Al Armor
~Q Pxti4cti les

Low B.L,*":'
Plate Thickness Obliquity Brinell Army Projectile
No Inches Degrees H es* fLsec Oondltiom"O

Tosts Agis 7m ? 7 rjcie (cont.)

3-1 3.,03 40 288 2963 HP S
3-10 3)0 o40 29 7 2999 s
3-17 3-03 40 385 2581 8
3-21 3.02 40 398 2593 a
3-25 3o02 40 295 3003 HP S
3-26 3.01 40 311 2951 HP s
3-27 3-02 40 365 2703 S
3-34 3,00 140 412 2566 2

3-1 3, 03 35 288 2866 S
3-4 300 35 293 264, S
3-10 3o00 35 297 2647 s
3-11 2-97 35 304 2746 5
3-19 3.03 35 370 21479 s
3-19 3.03 35 363 2511 3
3-21 3o02 35 358 2526 s
3-23 3M00 35 .88 246 3

3-1 3-03 30 288 2654 s
3-4 3.00 30 283 2764 5
3-8 3,04 30 319 -651 3

2-2 2,90 30 30o 2524 5
3-15 3.03 30 370 2463 s
3-19 3.03 30 363 2480 a
3-2l. 3o02 30 355 2443
3-23 3.00 30 388 2333 8
3-25 3.02 30 295 2757
3-276 301o 30 311 2699 s
3-34 3-00 30 412 233k 8

Tmets Against 0

32 301 55 290 6 s
3-3 3-00 55 300 2639 s
3-5 3O11 55 295 2709 B
3-9 3o55 V09 2531 s

3°00 553 2494
9 5 3219 215 29



TABLI I IX

Results of Yrecture Tests for 11bre an, Iteel 8cnudnes,

Averago
plat" Cross-Siecti onal

No,._ arkess7ibreRatingto ondesRtn

2-1 .302 To 10 B-waooy
2-2• 2 95 r 15 ,,
2-3 305 7c trace 0
2-4 315 7c 40 Indeterminate
2_5 21TT c 20 C-voody

2-6 328 0 150 Inueterminate
2-7 33 Irc 90 Ifndeterminate
2-9 331 Of. Indeterminate
2--9 325 7c 50 C-vowod2-10 32L. Ic 80 Indeterminate

25-1 327 T
25-22 32a B
225-3 321%
25-A 31T 1 0
25-, 5 312 P 0

25- 3F 7 -1
25-7 363 1l
25-8 361 1 D-1
2!-o9 341 1

,25-10 339 7 5

25-11 335 IF0
25-12 300 ] 0
25-13 309 I
25-14 331 Fo 50 Ietwui•uie
25-15 370 Ofe Indeterminate

,2-2363 to '50 Inete~ruiaae

3_1 288 1 0

3-3 300 Y 1
3-4 223 B 3
3-5 295 r



TABLb III (cont.)

Results of Fracture TNsto ior Fibrce an.d Steel Soundne•ss

Averae
Plate Crose-Beotional

Not A R L ft=,- M lbr Raina Steel SCOMA10 4 a11,4

3-6 24S 7 P--2
T-7 300 7 B

3-9 319 7 3
3-9 309 1 0
3-10 297 C

3-12 304 :5
3-12 30 •0 (
3-13 306 B (
3-14+ 329 B
3-15 363 fe trace 'I

3-16 363 Fe trace 3
3-17 355 Ofe (D) Indeterminate
3-18 370 Cfe (D) Indeteralmnte
3-19 363 Of* (D) Indeterminate
3-20 391 Ofe Indetermiinate

3-21 398 Of@ Indotermn1ate
3-22 388 Ofo Indetersinate
3-23 385 Of. Indetarminate
3-21• 391 Of Indeterminate
3-25 295 7 '

3-26 311 7 3
3-2T 363 Of@ Indeteirminste

3-3 12 CIndetermin~ate

I - Yibroug
O - Orystalline
Fo - Mixed fibrous and crystalline
Cf- CryetAlline con'wer and ±ibr,4us edge
D - Dull oryetalline
Wmbers after fraotivre rating refer to per ewnt
of fiacture are& which I. ocrytalline,

,-.-.-.-.-=---.------............ N !



TAXI IY

Bri1nellw jirguess 0btaluel ot Oro seBeotion of Praotv~re Blacks

Plate Uardaese 31ON below 3/li" belev -0.zter of 3/li' beOlo 3/8" babyw
NOj, =rpo uW.Qurface Crose-Section surzface surface

2-1 320 302 -- 02302 302
2-2 320 285 -- 205 -285

2-3 320 302 302 311
2-li 320 321 -- 302 - 321
2-5 320 29326 --- 29 69

2-6 360 3141 - 30e .- 341
2-T 360 3414- 331 -- 341
2-0 36o 3)41 -- 311.- 314-
2-9 360 331 -- 302 -- 341
2-10 360 331 321 -*-321

25-1 32D 321 331 321 331 331
25-2 320 321 321 3a1 35a 321
25-3 320 321 321 321 35S, 321
25-4 32D 321 321 '302 321 321
25-5 32D 321 311 265 321 321

25_6 360 311 31 302313
V3-7 36 63 3V3 363 b33
25-1 36 .436 363 363 363
13-9 36 341 3X4 341
15-10 360 1 314 341 331 3141

25-11 30 331 331 331 3"4 3)4
15-11 310 302 301 302 293 301
25-13 530 311 311 302 311 511

215-11 360 31 331 MV 331 4

g5-16 30363 33363 3i33n
3-1 210 265 293 265 £93#6
3-2 290 '302 U65 265 065 293
3--N 302 30a 30-1 302 293
3- 28 93 215 R2623-5 200 265 £30 302 303

,3-6 290 055 930 302 302 9
3- T 280 "lot 302 293 302 302



TABL IT (cont,)

Brinell Hardnesse@ Obtaine& on Cross-Section of Fracture Blocks

Aim Brinell Hardnesse
Plate Ha.'dnese 3/0" below 3/74" below Center of 3/AN below 3/T8V belov

.o0. Bu srface .. rface Orono-Section surface surface

3-9 320 321. 321 311 321 321
3-9 320 311 311 302 311 311
3-10 320 302 293 295 302 302
3-11 320 302 302 311 302 302
3-12 320 302 302 302 321 311
3-13 320 2g5 302 321 321 302
3-1)4 320 331 341 331 321 321

3-15 360 363 363 363 363 363
ý-16 360 363 363 363 363 363
3-17 36o 375 388 398 388 358
3-16 360 363 375 375 375 363
3-19 360 363 363 363 363 363

3-20 1400 388 355 400y 395 399
3-21 14W0 388 358 358 388 385
3-22 40`0 385 388 358 385 399
3--3 1400 383 39 0 3$8 398
3-24 40O0 388 358 401l 3158 358

3-25 280 293 293 30o 293 293

3-26 320 302 311 321 311 311

3-27 360 363 363 363 363 363

3-34 400 415 -415 415 415 401

Ii



TA•,•C V

Re•ults of Harrdneeb Survey* at
Aberdeen Prov Ground ad at Watertown Arsenal

Average Average
Burface Hard'ness Cross-Boctionad
Deteriioud by Harduess Determined

Plate Ain HardAesu APn by Vatertown Ardedl
No. BHI (Portable 3050 MN

2-1 320 329 302
2-2 320 315 285
2-3 320 308 305
2-4 320 309 315
2-5 320 317 277

2-6 360 339 328
2-7 36o 3214 338
2-8 360 360 331
2-9 360 333 325
2-10 360 31i5 7214

25.-1 320 328 327
215-2 320 326 321
25-3 320 325 321
P5-.4 320 325 317
25-5 320 321 312

25-6 360 351 331
25-7 360 3.43 363
25-9 360 34,7 361

25-9 320 326 335
25-12 320 310 300
25-13 320 326 309

25-12 320 320 330

25-15 360 349 370
25-16 360 353 363

SData from AP(• Report No. AD-IliS,

,+ . . .. . ... : .. .. . . : _•: ..... - . . . . . -- + • -,t I-



Results of Hardoed Survey* at
Aberden Proving Ground an at Watertown Axue

Average Average
Surface Hardness Oroes-Sectional
Determined by Hardness Determine&

Plate Alm liardnecs An by Warertown r eaual
No, BEN (,Porta~bjt M~)* MW

3-1. 280 289 298
3-2 2o0 288 -90
3--3 2ISO 20 300
3--44 250 302 2833-5 20 96 25
3-6 250 304 288
3-7 280 297 300

3-9 320 323 319
3-9 320 320 309
3-10 320 315 29T
3-11 320 33)4 304
3-12 320 316 30%
3-13 320 315 306
3-1)4 320 1318 329

3-15 360 359 363
3,-16 360 351 363
3-17 360 357 395
3-18 360 355 370
3-19 36o 372 363

3-20 400 39T 391
3-21 400 305 388
3-22 400 398 396
3-23 400 385 388
3-2)4 400 388 391

3-15 280 293 295
3-•26 3R 320 311
3-77 36o 326 363

3- A .. 405 412



!AJSLI VI

Rgul to of V-Totch Gk C•h Inpact Tests

Rook'ie11®
Avera&p Average Hardness on KMi1 nne*
Plate Iardnous Cu arpy Barg Imact 1ractur• r 0*

Plate Hardness on ObAUrpy 0oavertse to im.pact herdy Required. Ratian
Noj BENe -S E f k L be jibrouas

25-2 3213 337 35.6 20 PC 20

25-5 3121 33 319 42.5Ic 20X

25-6 331 33 319 281 24 71 50

25-7 363 39 375 14.6 P; IC 55

25-15 370 39 375 16.9 14 Ira 10

3-1 295 25 278 54o1 35 F

-4 2•13 27 271. 6o.7 35 f

3-8 319 31 30 7.7 27 'to 10

3-10 297 29 296 53.0 15 1

3-15 39 3T5 14.3 144 PC 45

3-IT 35 %5 39 13.3 12 ?'P 85

3-20 -51 42 o05 13.6 12 C e90

3--22 38 ~ 41 39)4 1)4.5 12 fa 65

3-3)4 1412 143 )413 1ý30 12 PC 90

*- Oonvrorslo from corduouo ImnpeaoAca Handbook on Xotals,
datotd 25 Jul.y 19)47.

- V.,5. Army SeyCificatioii FT-215-11, AOA4, 2, &a.teA 10 NOT~ 19)45,
- Mixed. fraxcfte; mvmber refoes to per cent ary1~iw.'ins.



APNMIX A

Letter fi1q En wiOOA12/k4969



COPT - 24 August 19149 -ahk

War Department R=RDICO
WATMTOWN LRSBRLL

Watertown 72, Mass. JaR'ieJichIgt/537

WTI No. )400.112/14969
Attna Laboratory

12 January 1949

SBJEJCT• Hardness. Teats on Armor Tested Under 0.0. Project TB4-150M

TOý Commanding General
Aberdeen Proving Ground
Aberdemn, Maryland

ATTNg Armor Branch, Mr. H. Rouse

1. It is requected that yovr station provide thia Arsenal with one
120 x 9" section of plnte flame-cut from . corner of each of the ballistic
test plates which have *e6n employed for the testing scheduled under 0.0.
,Jnb-ProJect TB4.150M.

2. Oross- sectional Brinell hardness tests and other metallurgical
tests considered desirable will be perlornt±d on these sections in order
to accuwmlate metallurgical data for correlation with the ballistic test
results being obtained a, your station. These data will be forwarded to
your station for Inclusion in the reports on the iubject program,

FOR THI COMMANDING OFFICm,

(s/t) .1 L,., MARTIN

CC, OCO, ORDTB"K.at 1

Ay' 470 '4/i
£ATTý ORTN.a RUQORD
Wtn 4•0•11.2/4969 lit Ind. Cresmer/hlc/5192

Ord Depe, De-vlopment & Proof 8ervices, Aberdein Proving Grcund, Maryland.
.0Janr ~ry Il•h

TiO Commanding Officer, Watertown Arscnal, Watertown 72, Massachumetts

A 12•.x80 corner section from each of the twenty-seven 3w, sixteen
2I/2, aiid ten 20 homogeneous ste1 plates being tooted undmr froiect
TA-10.N -%s shipped to your Ars~mal 26 January 1q4¢9.

(6) V. M. Tisdale. Lt Col, Ord Dept

Di rector
Develo-ament A Proof Soerice4


